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Available online 24 January 2014AbstractLateral extra-articular procedures were popular in the treatment of anterior cruciate ligament injury in the nineteen seventies and eighties, but
fell from favor due to poor results, concerns regarding biomechanics, and concurrent advances in intra-articular reconstruction. Persistent
problems with rotational control in modern reconstructive techniques have lead to a resurgence of interest in the concept of lateral reinforcement.
In this article, we examine the history of lateral extra-articular procedures, the reasons for renewed interest in the technique, recent research that
lends support to lateral procedures and possible indications for selective use.
Copyright 2014, Asia Pacific Knee, Arthroscopy and Sports Medicine Society. Published by Elsevier (Singapore) Pte Ltd. This is an open access
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Anterior cruciate ligament (ACL) injury is common, with a
reported incidence as high as 80/100,000 per year.1 Surgical
treatment aims to restore knee stability and allow return to
activity, as well as to prevent secondary injury2 and the
development of osteoarthritis (OA). Modern reconstruction
techniques have achieved good results for the majority of
patients, however, there remains a group for whom rotational
instability remains an issue.3
Lateral extra-articular reconstruction procedures were
devised to address anterolateral rotational laxity. Widely used
during the nineteen seventies and eighties, they were largely
abandoned due to concerns regarding poor biomechanics, and
the superior results of intra-articular techniques.
Today, the addition of lateral extra-articular reinforcement
to intra-articular reconstruction has again been proposed as
one possible solution to failure in ACL reconstruction. This
raises the important question: have previous concerns with this
procedure been adequately addressed?kston Hospital, Hastings Road, Frankston,
33788318331.
net.net.au (T.D. Lording).
sia Pacific Knee, Arthroscopy and Sports Medicin
license (http://creativecommons.org/licenses/by-n
rt.2013.12.002The rationale for early lateral extra-articular procedures
ACL injury generally produces both translational and
rotational abnormalities. Early attempts at surgical interven-
tion, both intra- and extra-articular, attempted to address only
anterior tibial translation.4 In 1979, Slocum and Larson,
recognizing the importance of rotational instability in the ACL
deficient knee, introduced the concept of rotational laxity, and
described a “rotational stability test”.5 Their work focused on
anteromedial rotation associated with medial sided injury, and
they went on to develop a pes anserinus transfer to hold the
tibia in internal rotation.6
Evidence for damage to the lateral structures of the knee in
ACL injury was described as early as 1879. Prior to the in-
vention of radiographs, Se´gond described an avulsion fracture
of the proximal tibia during cadaveric experiments to repro-
duce ACL injury.7 He hypothesised that this avulsion, from
just posterior to the iliotibial tract insertion, was the insertion
site of the middle third of the lateral capsular ligament. Nor-
wood published on the incidence of ligamentous injuries
associated with acute anterolateral rotatory instability.8 In 36
knees, he found only four with isolated ACL injury, 26 with
ACL and additional lateral injury (to the lateral capsulare Society. Published by Elsevier (Singapore) Pte Ltd. This is an open access
c-nd/4.0/).
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capsular ligament injury alone.
Lateral extra-articular procedures were promoted as having
a biomechanical advantage over intra-articular reconstruction
in terms of rotational control. This was due to the longer lever
arm of a laterally based reconstruction to resist torque. Ellison
described the ACL as, “the hub of the wheel”, and noted, “it is
easier to control rotation of a wheel at its rim than at its hub”.9
Early extra-articular procedures
Early extra-articular procedures were performed as isolated
operations and in combination with intra-articular procedures
and generally used iliotibial band as graft material. The most
common procedures were the Lemaire, Ellison and Macintosh
procedures.Lemaire procedureDescribed in 1967, the Lemaire procedure involved har-
vesting an 18 cm  1 cm strip of iliotibial band.10 Left
attached distally at Gerdy’s tubercle, the strip was then routed
under the lateral collateral ligament (LCL) before passingFig. 1. Early extra-articular techniques. (A) Ellison procedure. (B) Andews mini-rec
permission from McCulloch PC, Lattermann C, Boland AL, Bach BR Jr. An illustrathrough a bone tunnel proximal to its insertion. The graft was
again passed under the LCL before being secured in a second
bony tunnel at Gerdy’s tubercle.Ellison procedureEllison described his iliotibial band transfer operation in
1979.11 In this procedure, the iliotibial band was elevated from
Gerdy’s tubercle with a button of bone. The iliotibial band was
then routed under the proximal section of the LCL before
being secured just anterior to Gerdy’s tubercle with a staple
(Fig. 1A). Of note in Ellison’s original description is plication
of the mid-third capsular ligament.MacIntosh procedureThe original MacIntosh procedure, described in 1980, was
termed the “lateral substitution reconstruction” and used a
20 cm long strip of iliotibial band left attached at Gerdy’s
tubercle.12 Similar to the Lemaire procedure, the graft was
passed under the LCL. Rather that using bone tunnels, how-
ever, the graft was passed through a subperiosteal tunnel
behind the origin of the LCL and looped behind the insertiononstruction. (C) MacIntosh 1. (D) MacIntosh 2 “over-the-top”. Reproduced with
ted history of anterior cruciate ligament surgery. J Knee Surg. 2007;20:95e104.
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the lateral collateral ligament (Fig. 1C).
MacIntosh also described a combined intra- and extra-
articular procedure. In this case, after passage deep to the
LCL, the iliotibial band graft was passed over-the-top behind
the lateral femoral condyle, into the joint and secured in a
tibial bone tunnel (Fig. 1D).Andrews procedureAndrews published his “mini-reconstruction” technique for
anterolateral instability in 1983.13 Intended to provide stability
through a full range of motion, in this procedure the iliotibial
band was split longitudinally and tenodesed onto the lateral
femur, such that “a ligament is created that closely approxi-
mates the biomechanical function of the ACL” (Fig. 1B).Combined proceduresAs intra-articular procedures were popularised, various
combined techniques were described. Besides the MacIntosh
over-the-top procedure, these were complimentary rather than
inherently combined procedures. Examples included intra-
articular patella tendon reconstruction with MacIntosh lateral
substitution14 as well as combinations with synthetic liga-
ments and augmentation devices.15,16
Results for early extra-articular procedures
Reported results for isolated extra-articular procedures are
generally poor. Kennedy reported 57% good or excellent re-
sults for the Ellison procedure.17 All patients had persistent
anterior drawer sign, and 24 of 28 had positive pivot-shift at 6
months. Ellison reported 83% good or excellent results in 18
knees with his procedure up to 41 months post-operatively.
Fox reported 63% excellent or fair results in 76 knees using
a modification of Ellison’s technique.18
Neyret reported the results for isolated extra-articular
reconstruction using the Lemaire procedure in 33 knees in
31 amateur skiers.19 16 patients were very satisfied or satisfied
with the result. At one year, pivot-shift was positive in 9 of 18
knees tested, and at final follow up was positive in 12 of 15
knees. The result, particularly in patients under 35 years of
age, was dependent on the status of the medial meniscus.
Ireland and Trickey reported abolished anterolateral jerk in
42 of 50 knees using the Macintosh procedure at 2.25 years.12
Of note, less than half of the excellent and satisfactory results
were able to return to sport at their previous level.
Reporting on 62 knees at two years follow-up, Andrews
claimed 94% objectively and 91% subjectively acceptable
results for his mini-reconstruction.13 His reporting highlights
the difficulty in comparing results from a time when many,
often non-validated scoring systems were used.20
A number of factors were blamed for the poor results of
these early procedures, principally poor biomechanics caused
by their non-anatomical nature and a perceived predisposition
to lateral compartment OA.Sydney examined the kinematic effect of the Andrews
procedure on cadaveric knees.21 He found the repair non-
functional between 0e20, taut from 20e60 and overly
tight at 90 of flexion, suggesting graft stretch as a cause of
deteriorating results. He also noted the repair tended to hold
the tibia in abnormal external rotation. Similar results were
published by Draganich with regards to the Mu¨ller antero-
lateral femorotibial ligament tenodesis.22 He described over-
constraint of tibial internal rotation from 30e90 of flexion.
Engebretsen, studying the effect of an extra-articular tenodesis
on intra-articular graft tension, found an abnormal externally
rotated tibial resting position after tenodesis, which increased
with application of an anterior load.23 These findings were
confirmed by Amis and Scammell, who found an isolated
extra-articular procedure improved but did not correct knee
stability compared to intra-articular and combined pro-
cedures.24 Some authors have raised concerns regarding the
development of lateral compartment OA due to over-constraint
of the lateral compartment, however there appears to be little
evidence for this in the literature.
The results for combined procedures were more encour-
aging. Bertoia reported excellent or good results in 31 of 34
knees using the MacIntosh lateral substitution over-the-top
procedure.25 Pivot-shift was abolished in 91%. Zarins re-
ported a reduction of pivot-shift to 0 or 1þ in 91 of 100 knees
using the MacIntosh over-the-top procedure supplemented with
an intra-articular semitendinosus graft.26 Rackemann, using a
MacIntosh extra-articular procedure combined with a medial
third patella tendon intra-articular reconstruction in 74 knees,
reported satisfactory results in 93% and one positive pivot shift
at six years.27 Dejour reported results for 251 cases treated with
patella tendon intra-articular reconstruction combined with
Lemaire’s procedure.28 He found 83% excellent or good func-
tional results, though 24% had equivocal pivot-shift findings.
The value of a combined intra-and extra-articular approach
versus intra-articular reconstruction alone was first studied by
Jensen in 1983.29 In this retrospective study, he found the most
marked improvement in anterolateral rotatory instability in the
combined procedure group. This finding, however, was chal-
lenged by other authors. Strum in 1989 reported no benefit to a
combined procedure over intra-articular reconstruction alone,
stressing the importance of a well performed intra-articular
procedure.30 O’Brien reported no difference in clinical re-
sults for the two groups, but noted a 40% incidence of chronic
pain and/or swelling associated with the extra-articular pro-
cedure.31 Anderson compared bone-patella tendon-bone,
hamstring and hamstring combined with extra-articular pro-
cedures in a prospective, randomised study.32 He found no
benefit to the addition of the extra-articular procedure.
Renewed interest in extra-articular procedures
Today most anterior cruciate ligament surgery consists of
intra-articular reconstruction using autogenous bone-patella
tendon-bone or hamstring grafts or allograft. Despite ad-
vances in surgical technique and instrumentation, failure re-
mains an issue. Graft failure rates have been quoted as high as
6 T.D. Lording et al. / Asia-Pacific Journal of Sports Medicine, Arthroscopy, Rehabilitation and Technology 1 (2014) 3e1024%.33 There is no universally accepted definition of failure,
however, and outright graft failure is only part of the story.
Stiffness, ongoing instability and pain may all signify failure.
Many are unable to return to their desired activity level, with a
recent meta-analysis by Adern finding return to pre-injury
level of sports was only 63%.34
ACL injury rarely occurs in isolation. Associated liga-
mentous, meniscal and chondral injuries all affect the results
of surgery.35 To add to this complexity, not all ACL injured
knees will produce symptomatic instability,36 and some knees
will demonstrate a positive pivot-shift despite an intact ACL.37
Persistent pivot-shift has been shown to be associated with
poor patient satisfaction.3 Evidence suggests that even successful
ACL reconstruction does not restore normal knee biomechanics,
in particular with regards to rotational control.38e40
Double bundle ACL reconstruction and anatomical single
bundle reconstruction have been proposed to address this
issue. In double bundle reconstruction, the postero-lateral
bundle is intended to better resist the pivot shift.41 Whilst
biomechanical studies have suggested this technique is supe-
rior to single bundle techniques in terms of rotational con-
trol,42 clinical superiority has not been demostrated.43
Anatomical single bundle ACL reconstruction aims to place
the femoral tunnel in the foot print of the native ACL, rather
than the more vertical position associated with older transtibial
techniques.44 The increased graft obliquity is intended to
better resist rotational instability, however, biomechanical
studies have shown mixed results.45,46 These grafts are also
subjected to higher forces than non-anatomical grafts47 which
in turn may predispose to higher failure rates.
Lateral extra-articular reinforcement has been proposed as
one possible solution to this problem.
Recent advancesAnatomyThe anatomy of the knee remains incompletely understood,
particularly in regards to the functional anatomy of the lateral
side. Numerous authors have described a structure connecting
the lateral femoral condyle, lateral meniscus and lateral tibial
plateau.48e50 This structure has been described as part of the
iliotibial tract, a capsular thickening or a ligament in its own
right, and been variously referred to as the “capsulo-osseous
layer” of the iliotibial tract, the “midthird lateral capsular
ligament”, the “lateral capsular ligament”,51 and most recently
the “anterolateral ligament”50(Fig. 2).
Vincent and colleagues identified a structure, which they
termed the anterolateral ligament, in 30 consecutive total knee
arthroplasties, as well as 10 cadaver knees.52 At cadaveric
dissection, the structure was found to arise from just anterior
to the popliteus tendon insertion in nine knees, or from the
popliteus tendon itself in one. It was closely associated with
the lateral meniscus at the junction of its anterior and middle
thirds. Its insertion was onto the anterolateral proximal tibia,
5 mm from the articular cartilage and always posterior to the
most posterior border of Gerdy’s tubercle. Histologicalanalysis demonstrated a distinct fibrous structure, with some
fibres inserting onto the meniscus. Recent published work by
Claes and colleagues has identified this structure in 40 of 41
cadaveric knees.53 They found the structure to originate pos-
terior and proximal to the popliteus tendon insertion, on the
lateral femoral epicondyle, and noted no connections between
this structure and the iliotibial band.
Terry suggested that injury to the capsulo-osseous layer of
the iliotibial band may be responsible for the variety of clinical
findings in the ACL injured knee,54 and failure to address
associated injuries is a recognised cause of failed ACL
reconstruction.55 Future research should help to standardise
nomenclature and clarify the biomechanics of this ligament.
Should this confirm a role in the restraint of rotatory laxity,
lateral extra-articular techniques may be shown to be more
anatomical than once thought, and may be able to be modified
to be truly anatomical reconstructive procedures.Combined proceduresIsolated extra-articular procedures are no longer recom-
mended.56 Their role in combined procedures with modern
intra-articular techniques, however, is less clear.
As previously described, Kato has demonstrated increased
graft forces in anatomically placed single bundle re-
constructions.47 This may predispose anatomical grafts to
early failure due to fixation failure or stretch, or later graft
rupture. Engebretsen showed that an iliotibial tenodesis
reduced the force in an ACL graft by an average 43%.23
Draganich demonstrated load sharing between an intra- and
extra-articular reconstruction, and suggested that the extra-
articular procedure may have a role in protecting the intra-
articular reconstruction during the healing phase.57 Whilst
these studies did not use anatomical intra-articular re-
constructions, they suggest a role for extra-articular pro-
cedures in combined operations in some cases.
Monaco and colleagues compared 10 anatomical single
bundle reconstructions with lateral extra-articular reinforce-
ment with 10 double bundle ACL reconstructions using a
navigation system.58 They found no difference in ante-
roposterior translation between the two groups, but a signifi-
cant reduction in internal rotation at 30 of knee flexion in the
extra-articular reinforcement group.Hamstring graftsEarly lateral procedures tended to use iliotibial band as
graft material. The strength of this material depends on the
width harvested, however, it is generally weaker than
hamstring tendons and able to withstand significantly lower
maximum stresses.59 More recently, techniques have been
described using hamstring tendon for lateral reinforcement.
Marcacci has described a technique of intra- and extra
articular reconstruction using hamstring tendons.60 The gra-
cilis and semitendinosus tendons are stripped but their tibial
insertions maintained. The sutured graft is then passed through
a tibial tunnel and over-the-top of the lateral femoral condyle.
Fig. 2. (A) Intra-operative photograph during left total knee arthroplasty demonstrating the anterolateral ligament (asterix), lateral femoral condyle (LFC), patella (Pat)
and lateral tibial plateau (LTP).52 (B) Dissection of a right knee demonstrating the anterolateral ligament (ALL). (C) Anatomic drawing considering the ALL and its
relationship with well-known anatomical landmarks on the lateral aspect of the human knee.53 (Ci) Knee in full extension. (Cii) Knee in 90 of flexion. LCL ¼ lateral
collateral ligament; GT ¼ Gerdy’s tubercle; LFE ¼ lateral femoral epicondyle; PT ¼ popliteus tendon; PFL ¼ popliteo-fibular ligament. Reproduced with permission
from Claes S, Vereecke E, Maes M, Victor J, Verdonk P, Bellemans J. Anatomy of the anterolateral ligament of the knee. J Anat. 2013;223:321e328.
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healing, and the tendons fixed with two bone staples. The
remaining graft is passed deep to the iliotibial band and
secured at Gerdy’s tubercle.
At 11 years’ follow-up of 54 knees in high level sports-
persons, Marcacci reported 90.7% excellent or good results
using the International Knee Documentation Committee
(IKDC) score.61 Three knees (5.5%) showed a slight pivot-shift.
Neyret has described a technique using a bone-patella
tendon-bone intra-articular graft and a gracilis tendon graft
for the extra-articular reinforcement.62 The gracilis is threaded
through a drill hole in one of the bone blocks, to create a
continuous graft. The patella tendon graft is passed antero-
grade through a femoral and tibial tunnel, locking the gracilis
tendon in the femoral tunnel with the press-fit of the bony
block. The two free limbs are then passed deep to the LCL and
through either end of a bony tunnel through Gerdy’s tubercle
and sutured to one another (Fig. 3).Lateral osteoarthritisFig. 3. Schematic diagram showing the extra-articular reinforcement technique
of Neyret. This figure was published in: Neyret P, Demey G, Servien E, Lustig
S. Traite´ de chirurgie de genou, page 57. Copyright  2012 Elsevier Masson
SAS. All rights reserved.Concerns regarding over-constraint and development of
lateral compartment degenerative arthritis were based pre-
dominantly on biomechanical studies of isolated extra-articular
8 T.D. Lording et al. / Asia-Pacific Journal of Sports Medicine, Arthroscopy, Rehabilitation and Technology 1 (2014) 3e10procedures and little clinical evidence for this exists.21 Over-
constraint was not demonstrated by Draganich when an extra-
articular procedure was performed after an appropriate intra-
articular reconstruction.57 Zaffagnini, in a prospective, rando-
mised trial of bone-patella tendon-bone, four strand hamstring
and Marcacci’s combined technique, found no difference in
radiological outcome between the groups at 5 years.63 Long
term follow up byMarcacci has not demonstrated an increase in
lateral compartment OA at 11 years with his technique.61
Research by Jonsson and colleagues suggests that patients
with residual pivot-shift post reconstruction are at higher risk
for the development of OA than those with residual antero-
posterior laxity.64
Possible indications for extra-articular reinforcement
The future role of lateral extra-articular reinforcement
procedures will likely be in specific subsets of patients known
to be at increased risk of failure with isolated intra-articular
reconstruction. Degree of instability, associated injuries,
young age at operation, and revision procedures may all be
appropriate indications.
Clinical,65 radiological66 and even intra-operative naviga-
tion based criteria67 have been proposed to help identify patients
who may benefit based on degree of instability. It is likely,
however, that the degree of instability observed is related to
damage to other structures, such as the anterolateral ligament,
that we are only beginning to fully appreciate.53,54 LaPrade as
early as 2000 claimed 95% accuracy in diagnosis of injury to the
meniscotibial portion of the midthird lateral capsular ligament
using magnetic resonance imaging.49 Should biomechanical
testing confirm a role for this structure in anterolateral insta-
bility, advances in imaging should allow us to diagnose this
injury and thus identify patients likely to benefit from lateral
reinforcement. Loss of the medial meniscus, which increases
intra-articular graft forces by 33e50%68 and has been shown to
negatively influence knee stability post reconstruction69 and
may be another appropriate indication.
The results of revision ACL reconstruction are generally
inferior to primary reconstruction.70 There is conflicting evi-
dence regarding the efficacy of lateral reinforcement in revision
surgery. Colombet has described a combined technique of intra-
and extra-articular reconstruction using a hamstring tendon
graft in a “4þ 2” configuration.71 Using navigation to measure
laxity, he found no significant improvement in anteroposterior
translation and improved rotational control only at 90 of
flexion with the addition of the lateral procedure. Trojani re-
ported on a multicentre series of 189 revision procedures, of
which 26 included a lateral procedure.72 He found a significant
improvement in pivot-shift results in the lateral procedure
group, with 80% negative pivot-shift compared to 63%. There
was no significant difference, however, in the IKDC scores.
Conclusion
Lateral extra-articular reinforcement in conjunction with
intra-articular reconstruction may be an important option inthe control of rotational laxity of the knee. Advances in un-
derstanding the complex lateral anatomy and biomechanics of
the knee may allow the development of more anatomical
procedures. Improved diagnostic techniques should help to
identify patients most likely to benefit. Further research is
needed to clarify the indications for this procedure in high risk
and revision cases.Conflicts of interest
The authors declare that they have no financial or non-
financial conflicts of interest related to the subject matter or
materials discussed in the manuscript.References
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